Background: Bromide is found naturally in groundwater and surface water. The rapid growth of industrial activities, drainage of surface runoff, and use of methyl bromide in pesticides has increased bromide discharge to the environment. Disinfection of water-containing bromide causes the creation of additional products of organo-halogenated that are considered cancer-causing agents. In this study, the effect and optimization of factors in removal of this ion was evaluated by using the nano-photocatalytic UV/ZnO process. Methods: This analytical study was conducted in a batch system by the phenol-red method. The test design was performed through the analysis model of multi-factor variance with 99 subjects, while the main, interactive, and reciprocal effects of variables, such as reaction time, catalyst concentration, bromide concentration, and pH at different levels of each factor, were analysed by using SPSS version 16. Results: The main, interactive, and reciprocal effects of factors were significant in three different levels with P < 0.001, and the optimal level of the factors reaction time, catalyst concentration, bromide concentration, and pH were 120 minutes, 0.5, 0.1, and 7 mg/L, respectively, by using the Schaffer test. The highest removal efficiency of 95% was obtained at least 91.56 and a maximum of 94.76% was obtained under optimal conditions of all factors.
Introduction
The use of disinfectants to kill pathogens in water and other compounds are known, but the result of disinfection in case of some compounds, such as bromide production of disinfection by-products (DBPs) like bromate, are carcinogenic (1) . The maximum contaminant level (MCL) of bromate is suggested to be 0.010 mg/L by the United States Environmental Protection Agency (USEPA) (2, 3) . The value observed in America is from 5 to 429 μg/L, and the amount of bromide in fresh water is 0.1 to 0.5 and 65 to 85 mg/L in seawater (4) (5) (6) . Disinfectants such as chlorine and ozone are used to eliminate pathogenic factors and other undesirable compounds in water. If there are some elements, such as bromide, in the water, by-products like bromate and dangerous organohalogenated compounds like haloacetic acids (HAAs) would be formed, which are considered as cancercausing agents (7, 8) . Bromide in drinking water is the most important mineral that is essential to be removed from water resources (9) . The USEPA has reported the maximum allowable concentration of tri-halomethanes (THMs) and HAAs under disinfection as 80 and 60 μg/L, respectively (10) . One of the removal methods is the use of bromate precursors such as bromide and natural organic matter before the ozonation process (11). Electrochemical methods (12) , nanofiltration (13) , advanced coagulation (10) , and activated carbon (14) are including removal methods that have restrictions such as generating carcinogenic by-products, being uneconomic, bromide in drinking water, producing great volume of sludge, limited absorption capacity, lack of complete removal of bromide in the water, and so on. Advanced optical oxidation technology has had considerable progress over the last decade and has obtained great importance in the field of purification of industrial wastewater; in particular, wastewater contains resistant organic materials whose common purification methods are not able to remove these compounds. The advantages of these technologies are that they break down most organic compounds into minerals such as water, carbon dioxide, and mineral acids, lack of the problem of residual wastes; they are performed in an ambient temperature and atmospheric pressure. Advanced oxidation processes are generally including all the processes through which hydroxyl active radicals (OH) are produced in different ways. Due to high oxidation of hydroxyl radicals (2.78), advanced oxidation processes are often based on this active radical. The use of ultraviolet radiation, ultrasonic waves, ozone, among others, are among these processes. The use of UV rays and a suitable oxidizing agent, such as H2O2 and ZnO, is one of the most effective methods of advanced oxidation (15) . Among methods of advanced oxidation, photocatalytic processes have had a high potential to remove contaminants from water and wastewater. Many catalysts have been used in previous years. Meanwhile, having an appropriate band gap energy, high quantum efficiency, and high chemical stability, ZnO seems to provide utilization of photocatalytic processes (16) . An important advantage of ZnO is its availability at a low cost. Moreover, this catalyst absorbs more solar spectrum than that of TiO2 (17, 18) . In this study, considering the harms and losses caused by bromide in drinking water that underlies the creation of disinfection by-products and production of bromine, removal of bromide was using the process UV/ZnO in aqueous solutions. Effects of factors like reaction time, concentration of bromide, catalyst concentration, and pH were evaluated.
Methods and Materials
This study is applied research, which was carried out in a batch system with a height of 10 cm, width of 5 cm, and length of 30 cm with the capacity of one litre. There were 4 lamps (8 W, UV-C-254 nm) above the reactor (low pressure of mercury vapor) that are electrically connected to each other. This reactor was in the box that made of quartz. In this study, the colorimetric method of phenol-red was used in order to measure bromide by the spectrophotometer of model DR-2000 at a wavelength of 590 nm. Also, pH testing was performed by the Electron pH meter model CP-501 with the accuracy range (0.01) and according to standard method references (19) . All of the chemical material were made in Merck Company (Germany) and ZnO nanoparticle were made in the United States. 0.2 N HCl was used in order to adjust the pH. The bromide stock solution was prepared by dissolving 0.148 g of potassium bromide salt in 100 mL of double-distilled water. In this study, the scanning electron microscope, the X-ray powder diffraction, and the transmission electron microscope were used to determine the characteristics of nanoparticles including the structure of morphology, particle size, parameters, and the stability of nanoparticles in aqueous environments. Figure 1A shows that nanoparticles are dispersed without agglomeration and appropriate size within the nanometre range. Diffraction reflected from nanoparticles within the 2θ range of 10°-80° were collected and analysed. The results of X-ray diffraction correspond to the standard data card JCPDS No.36-1451, which belongs to the net zinc oxide nanoparticles with the hexahedron structure ( Figure 1B 
where D is crystal size in nanometre, λ is the powder wavelength of X-ray, which is 1.54056 nm. B is the width of the highest peak at half the height in radians, and θ is the diffraction angle of the highest peak in degrees (21) . The transmission electron microscope is used to show the actual size and morphology of the nanoparticles, as shown in Figure 1C . The actual size of the estimated nanoparticles was 54 nm and the resulting image showed that zinc oxide is composed of dense particles with regular morphology. The energy-dispersive spectroscopy (EDS) results of ZnO nanoparticles are shown in Table 1 ; the percentages are related to the impurity of the element in the nanoparticles and purity percentage. The statistical design of the experiment was evaluated in the analysis model of multi-factor variance and by determining the main effect of reaction time on 6 levels with 3 repetitions, the main effects, dual effects, and multi-factor effects of bromide concentration factors (0.1, 0.2 and 0.4 mg/L), nanoparticle concentrations (0.2, 0.5 and 0.7 g/L), and pH (5,7 and 9) in 3 levels and three repetitions through the following equation (Eq. 2) with 99 samples needed and using SPSS version 16.
After conducting experiments and entering removal results into the software in the form of removal efficiency, the best model of variance analysis to fit the information 
Results

Reaction time effect
The results of the statistical analysis for the main effect of reaction time on 6 different levels, with 3 repetitions at each level, showed that reaction time is an effective factor on bromide removal in this process (P = 0.001). Table 2 shows the minimum and maximum percentage of bromide removal efficiency in each of the different levels of reaction time factor in pH = 7, catalyst concentration of 0.5 g/L and bromide concentration of 0.2 mg/L, with ensure percentage of 95%.
The main study of effects The main study of the effects of bromide concentrations, catalyst concentration, and pH on the removal process of nanophoto catalytic bromide is shown in Figure 2 . As shown, the highest removal efficiency for bromide concentration, catalyst concentration, and pH are obtained in the amount of 0.1 mg/L, 0.5 g/L and 7, respectively.
Examining the interaction between factors According to Figure 2A , it can be found that the removal efficiency increases by increasing the catalyst dose from 0.2 to 0.5 g/L. In addition, the removal efficiency has not increased so much or it has decreased by increasing the dose of the catalyst from 0.5 to 0.7 g/L. Besides, the highest percentage of removal in the initial concentration of bromide equals 0.1 mg/L Figure 2B . The removal efficiency generally falls down by increasing the initial concentration of bromide. As shown in Figure 2C , pH = 7
Triplex review of factors in the process As shown in Figure 3 , the highest removal percentage of catalyst dose is 0.5 g/L for neutral pH and the bromide concentration of 0.1 mg/L is 93.09%.
Discussion
The effect of radiation time Results of statistical analysis showed that the reaction time of a factor is effective in the removal of bromide with UV/ ZnO (P = 0.001). According to the results of Table 2 , it is seen that the amount of bromide removal increases by increasing the reaction time so that during 120 minutes of reaction time with ensure coefficient of 95%, minimum removal is 71.15 and its maximum is 75.62%, and this level has a significant difference with the low level. It seems that by increasing reaction time, UV radiation exposure to the free ZnO level causes the production of the radical OH° level and thus the removal rate increases. The present study is consistent with the study by Asadi et al in this regard. Their study on the removal of chromium (VI) by the UV/ZnO process concluded that the removal of chromium (VI) increases with an increase in retention time due to an increase in more electrons (9) . 
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The effect of radiation time Results of statistical analysis showed that the reaction time of a factor is effective in the removal of bromide with UV/ ZnO (P = 0.001). According to the results of Table 2 , it is seen that the amount of bromide removal increases by increasing the reaction time so that during 120 minutes of reaction time with ensure coefficient of 95%, minimum removal is 70.15 and its maximum is 75.62%, and this level has a significant difference with the low level. It seems that by increasing reaction time, UV radiation exposure to the free ZnO level causes the production of the radical OH° level and thus the removal rate increases. The present study is consistent with the study by Asadi et al in this regard. Their study on the removal of chromium (VI) by the UV/ZnO process concluded that the removal of chromium (VI) increases with an increase in retention time due to an increase in more electrons (9) . As observed Figure 2C , the best efficiency of bromide removal is at neutral pH or equal to 7 (approximately 94.16%). Other studies have also shown that the ZnO nano-catalyst has been more effective at a neutral pH. 
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Discussion
The effect of radiation time Results of statistical analysis showed that the reaction time of a factor is effective in the removal of bromide with UV/ ZnO (P = 0.001). According to the results of Table 2 , it is seen that the amount of bromide removal increases by increasing the reaction time so that during 120 minutes of reaction time with ensure coefficient of 95%, minimum removal is 70.15 and its maximum is 75.62%, and this level has a significant difference with the low level. It seems that by increasing reaction time, UV radiation exposure to the free ZnO level causes the production of the radical OH° level and thus the removal rate increases. The present study is consistent with the study by Asadi et al in this regard. Their study on the removal of chromium (VI) by the UV/ZnO process concluded that the removal of chromium (VI) increases with an increase in retention time due to an increase in more electrons (9) . As observed Figure 2C , the best efficiency of bromide removal is at neutral pH or equal to 7 (approximately 94.16%). Other studies have also shown that the ZnO nano-catalyst has been more effective at a neutral pH. As observed Figure 2C , the best efficiency of bromide removal is at neutral pH or equal to 7 (approximately 94.16%). Other studies have also shown that the ZnO nano-catalyst has been more effective at a neutral pH. This study is consistent with the study of Motlagh et al in this regard. In their study on colour removal of methylene blue by using the UV/ZnO process, they concluded that the proper pH is 7 (22) . The removal efficiency decreases by the process of increasing the pH from 7 to 9. It seems that very high and low pHs are harmful for the catalysts, and the ZnO is dissolved in these pHs. On the other hand, more negative charges of bromide species are created by increasing the bromide concentration and because ZnO nanoparticles have more positive charges at a low pH, and closer to neutral, they remove the negatively charged bromide species with high efficiency. These results are consistent with the findings of Young et al (23) .
The ZnO catalyst dose affect the removal efficiency As can be observed in the charts above, bromide removal increases (up to 93.16%) by increasing the catalyst dose (from 0.2 to 0.5 g/L). Reason of this problem could be that the number of active sites on the catalyst increases by increasing the amount of catalyst in a solution with a fixed substrate amount, which attracts more UV radiation and increases the reaction speed, thereby increasing the removal efficiency. A similar phenomenon has been reported by Chakrabarti et al (24) and Das et al (25) . By increasing the catalyst dose (from 0.5 to 0.7 g/L), the efficiency did not increase so much or decreases; this can be due to opacity increases in high concentrations of nanoparticles and reduce the effect of UV light on the nanoparticles. According to the results in Figure 2B , removal efficiency decreases with increasing concentrations of bromide. This increase appears to be due to the trapping of substrate UV. It also seems that the number of sites of act to remove is reduced by increasing bromide concentration. In a study by Shayesteh et al, they concluded that the removal efficiency increases with increasing concentrations of bromide and this difference in results of the study could be due to the bromide removal procedure in reference research. In another study by Azizi et al, entitled 'Remove the bromide from water resources using pillars of GAC and resin' , they concluded that the performance of GAC within the TDS range of less than 1000 mg/L and the bromide less than 5 mg/L is better than weak anionic resin (26, 27) .
Conclusion
In general, it could be concluded that the highest removal efficiency of 93.16% was at pH = 7 with initial bromide concentration of 0.1 mg/L as well as the catalyst dose of 0.5 g/L. The removal efficiency generally decreases with increases in the initial concentration of bromide. But pH and catalyst dose had ill-defined behaviour so that the highest removal efficiency was at acidic pH at high concentrations of bromide, but a better efficiency could be achieved in low concentrations in the neutral pH of 7. The optimum catalyst dose was obtained as 0.5 g per litre. In general, it can be said that the removal process optimization in the industrial scale to remove the precursor pollutants of disinfection by-products will enable researchers to carry out complete studies on the behaviour of parameters by spending the minimum cost and time.
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This study is consistent with the study of Motlagh et al in this regard. In their study on colour removal of methylene blue by using the UV/ZnO process, they concluded that the proper pH is 7 (22) . The removal efficiency decreases by the process of increasing the pH from 7 to 9. It seems that very high and low pHs are harmful for the catalysts, and the ZnO is dissolved in these pHs. On the other hand, more negative charges of bromide species are created by increasing the bromide concentration and because ZnO nanoparticles have more positive charges at a low pH, and closer to neutral, they remove the negatively charged bromide species with high efficiency. These results are consistent with the findings of Domenech et al (23) .
The ZnO catalyst dose affect the removal efficiency As can be observed in the charts above, bromide removal increases (up to 93.16%) by increasing the catalyst dose (from 0.2 to 0.5 g/L), and this increase corresponds to the study by Golestani et al. Another reason of this problem could be that the number of active sites on the catalyst increases by increasing the amount of catalyst in a solution with a fixed substrate amount, which attracts more UV radiation and increases the reaction speed, thereby increasing the removal efficiency. A similar phenomenon has been reported by Chakrabarti et al (24, 25) . By increasing the catalyst dose (from 0.5 to 0.7 g/L), the efficiency did not increase so much or decreases; this can be due to opacity increases in high concentrations of nanoparticles and reduce the effect of UV light on the nanoparticles. According to the results in Figure 2B , removal efficiency decreases with increasing concentrations of bromide. This increase appears to be due to the trapping of substrate UV. It also seems that the number of sites of act to remove is reduced by increasing bromide concentration. In a study by Shayesteh et al, they concluded that the removal efficiency increases with increasing concentrations of bromide and this difference in results of the study could be due to the bromide removal procedure in reference research. In another study by Azizi et al, entitled 'Remove the bromide from water resources using pillars of GAC and resin' , they concluded that the performance of GAC within the TDS range of less than 1000 mg/L and the bromide less than 5 mg/L is better than weak anionic resin (26, 27) .
Conclusion
In general, it could be concluded that the highest removal efficiency of 93.16% was at pH = 7 with initial bromide concentration of 0.1 mg/L as well as the catalyst dose of 0.5 g/L. The removal efficiency generally decreases with increases in the initial concentration of bromide. But pH and catalyst dose had ill-defined behaviour so that the highest removal efficiency was at acidic pH at high concentrations of bromide, but a better efficiency could be achieved in low concentrations in the neutral pH of 7. The optimum catalyst dose was obtained as 0.5 g per litre. In general, it can be said that the removal process optimization in the industrial scale to remove the precursor pollutants of disinfection by-products will enable researchers to carry out complete studies on the behaviour of parameters by spending the minimum cost and time. 
